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did not long remain the sole, or even the chief, instrument
in telegraphy. It was almost at once supplemented, and
soon to a great extent displaced, by the family of instru-
ments which depend on the attraction which an electro-
magnet exerts on a movable armature, instruments of
which the telegraph of Morse was the first to take working
shape. But Oersted's discovery met with a second great
application at the hands of Lord Kelvin in 1858, when
the problem of signalling at a remunerative speed through
long ocean cables was solved by his invention of the
mirror galvanometer, which at the same time supplied
physicists with an invaluable new instrument of research.
Later his siphon-recorder allowed the delicate fluctuations
of current, which constitute the signals in such a cable,
to be registered as well as read. In the galvanometer the
coil is held fixed and the magnet moves. In the recorder
the force between the two is still the operative force, but
it is the coil that moves while the magnet is held fixed.

Morse's telegraph was a practical fruit of the discoveries
of Ampere and Sturgeon. Ampere had shown that pieces
of steel might be permanently magnetized by placing
them inside a coil of wire, within which a magnetic field
was established by passing an electric current through
the wire. Sturgeon, in 1825, substituted a soft-iron core
for the steel, and pointed out that it acquired strong
magnetism so long as the current flowed through the
surrounding coil, but lost its magnetism when the current
ceased to flow. On establishing the current the iron core
underwent, as he says, a ' transition from a state of total
inactivity to vigorous polarity', and exhibited ' an inten-
sity of action far surpassing that of any known permanent
magnet'. Joseph Henry improved the winding of
Sturgeon's electromagnet and used it, by means of a
movable armature, to sound a bell at a distance from
the operator. From this the step was easy to the record-